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[bookmark: _Toc443634260]Executive Summary
This report was created as stakeholder feedback and background information from the Pennsylvania Petroleum Association (PPA) to the Pennsylvania Department of Environmental Protection (DEP) for the Pennsylvania Climate Change Act (ACT 70 OF 2008 OR ACT) 2015 Draft Update Report in order to provide clear and accurate data with respect to the implications of public policies leading to incentivizing and/or cross-subsidizing fuel switching from heating oil/biodiesel blends to natural gas.

2015 Climate Change Action Plan Update
This 2015 draft update report states that it “…aims to replace or upgrade inefficient equipment that utilize fuel oil with more energy-efficient natural gas models, thereby decreasing energy consumption and reducing emissions… By encouraging … fuel switching to natural gas where available, additional greenhouse gas reductions can be achieved. The PA PUC's Fuel Switching Workgroup recommendations include the allowance of Electric Distribution Companies to consider fuel switching for their low income customers…Thus, a huge opportunity exists for greenhouse gas reductions through fuel switching from heating oil to natural gas.”[footnoteRef:1] [1:  Excerpted from pages 67 and 68 of the Pennsylvania Climate Change Act (ACT 70 OF 2008 OR ACT) 2015 Draft Update Report emphasis added.  ] 


The above public policy conclusion assumes the following:
1. #2 heating oil is the only residential liquid fuel being supplied in Pennsylvania.  
This is not a correct conclusion.  In fact, many residential customers use a 5% biodiesel/#2 oil blend and some are receiving 20% and higher blends.
2. Heating oil boilers and furnaces are always less efficient than natural gas boilers and furnaces.  This is not a correct conclusion.  Both energy sources can use condensing and non-condensing appliances of similar efficiency.
3. Simple combustion of fuels[footnoteRef:2]  is sufficient to underpin climate change public policy.[footnoteRef:3]  [2:  The draft report states: “[T]his initiative recognizes the potential for additional greenhouse gas (GHG) reductions through fuel switching from heating oil to natural gas. Please note that the work plan is a simple analysis of combustion and does not include an analysis of methane leakage. This analysis only evaluated residential sector greenhouse gas savings.” rom page 182 of the Pennsylvania Climate Change Act (ACT 70 OF 2008 OR ACT) Draft 2015 Update Report,]  [3:  The amount of CO2 produced when a fuel is burned is a function of the carbon content of the fuel. The heat content, or the amount of energy produced when a fuel is burned, is mainly determined by the carbon (C) and hydrogen (H) content of the fuel. Heat is produced when C and H combine with oxygen (O) during combustion. Natural gas is primarily methane (CH4), which has a higher energy content relative to other fuels, and thus, it has a relatively lower CO2-to-energy content. Water and various elements, such as sulfur and non-combustible elements in some fuels reduce their heating values and increase their CO2-to-heat contents.] 

This is not a correct conclusion.  Ignoring the lifecycle emissions of all energy streams can misdirect policymakers.  This is particularly true when methane emissions are involved with respect to their potent Green House Gas impact.   
4. A huge opportunity exists for greenhouse gas reductions through fuel switching from heating oil to natural gas.  
This is not a correct conclusion.  Using combustion only generated CO2 emissions ignores, among other important factors, the impact of fugitive methane emissions in the refining process for oil and in the production and transportation process for natural gas.  Equally important, only comparing GHG emission from #2 heating oil and natural gas, and not evaluating biodiesel blends with heating oil misses an important segment of Pennsylvania homeowners.


[bookmark: _Toc443634261]Economics of Converting from Oil to Natural Gas Heating
The economic indifference curve (ES Figure 1) is the red line and reflects an oil/biodiesel to natural gas conversion cost of $5,600[footnoteRef:4], which was assumed in the 2015 DEP report update, plotted against the price of the two fuels, assuming equivalent efficiencies.  Points above the line indicate that there is no economic incentive to convert to natural gas, and in fact no action is appropriate.  Points below the line indicate there is an economic incentive to convert to natural gas.  The red box contains the price for natural gas and heating oil for the last two decades.  Of particular reference are the brown, yellow, grey, and orange points that represent recent years.  These points would favor a conversion, however, that pricing must last the ten years of the amortization of the conversion cost.  However, the red, green and black diamonds are the most current pricing, and they indicate not converting is the appropriate economic choice.   [4:  Page 183 of the Pennsylvania Climate Change Act (ACT 70 OF 2008 OR ACT) 2015 Draft Update Report “The cost of conversion is assumed to be $5,600- the estimated cost of a furnace conversion and a gas connection to a home.”] 


[image: ]
[bookmark: _Ref373575571]ES Figure 1 Economic Indifference Curve for Conversion from Heating Oil to Natural Gas

Local Pennsylvania HVAC contractors[footnoteRef:5] provided oil/biodiesel to natural gas boiler conversion estimate of $12,670 based on their experience for a baseline sized system on a comparable basis.  The economic indifference curve for this conversion (ES Figure 2) is the red line.  Points above the line indicate that there is no economic incentive to convert to natural gas, and in fact no action is appropriate.  Points below the line indicate there is an economic incentive to convert to natural gas.  The red box contains the price for natural gas and heating oil for the last two decades.  Of particular reference are the brown, yellow, grey, and orange points that represent recent years.  These points would favor a conversion, however, that pricing must last the ten years of the amortization of the conversion cost.  However, the red, green and black diamonds are the most current pricing, and they indicate not converting is the appropriate economic choice.   [5:    See Appendix A: Cost of Conversion Estimate for details] 
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ES Figure 2 Consumer Economic Indifference Curve High Estimated Conversion Cost (Non-condensing boilers)
[bookmark: _Toc443634262]Energy Policy Based on Technology
The report states: “[a]ccording to the U.S. Energy Information Administration (EIA), the average Pennsylvania home fueled by heating oil uses approximately 516 gallons per year, whereas the average home fueled by natural gas uses approximately 53,000 cubic feet per year.”   This is based on statistical averages and does not take into account age of the home, age of the equipment, number of people in the home or lifestyle, etc.  This is not a good characteristic on which to build public policy.  Especially when practitioners know that heating oil and natural gas technologies can be designed to have the same combustion and hot water/air delivery efficiency.  See Tables ES 1 and ES 2 below.
[bookmark: _Toc443634263]Energy Policy Based on Current Energy Price
The mid-Atlantic region EIA data for 2015 predicts that the average delivered cost of natural gas to the residential sector was $11.55 per MMBtu. The average price of heating oil in the mid-Atlantic region for the same time period was $25.10 per MMBtu.[footnoteRef:6]   [6:    Excerpted from page 178 of the Pennsylvania Climate Change Act (ACT 70 OF 2008 OR ACT) 2015 Draft Update Report] 


The current EIA (February 2016) price for Pennsylvania residential heating oil is $1.80/gallon.  This calculates to $12.90/MMBtu =

 

The current EIA (November 2015) price for Pennsylvania residential natural gas is $10.56/1,000 cu ft. of MMBtu.

Calculating the potential annual savings from the original report data yields an annual energy savings of about $1,177.
Table ES1 Draft Report Energy Economics
[image: ]

Correcting the technology performance data for an equal system efficiency comparison and updating the energy prices yields a very different conclusion with an annual energy savings of only $144.

[image: ]
Table ES 2 Corrected Energy Economics (Equal Technology Efficiency and Updated Energy Costs

Given the corrected and updated economics of fuel switching there is limited energy savings dollars available to the consumer by factor greater than 10 less than presented in the report.
[bookmark: _Toc443634264]Greenhouse Gas Emissions
ES Figure 3 shows that a biodiesel blend less than 20% is equivalent to natural gas with respect to CO2e[footnoteRef:7] emissions even accounting for the impact of indirect land use according the latest EPA data from RFS2.   Short-lived pollutants that scientists are targeting today which actually warm the atmosphere are methane and hydrofluorocarbons (HFCs) which are greenhouse gases like CO2, trapping radiation after it is reflected from the ground.  Black carbon and tropospheric ozone, an element of smog, are not greenhouse gases, but they warm the air by directly absorbing solar radiation.   Black carbon remains in the atmosphere for only two weeks and methane for no more than 15 years.  Focusing on near term targets for GHG impacts is both an effective strategy and recommended policy, as it can have a more dramatic effect in the short term than reductions in carbon dioxide, thus providing more time to develop appropriate carbon dioxide reduction strategies.  Using the IPCC Fifth Technical Report’s 20-year atmospheric lifetime assessment, ES Figure 2 shows that a #2 oil actually lower than natural gas with respect to CO2e emissions, irrespective of the impact of indirect land use.   Given the biodiesel GHG reduction promise of Ultra Low Sulfur Heating Oil (ULS HO) blended with biodiesel, there is no Climate Change policy reason for fuel switching from oil to natural gas.    [7:  	Carbon dioxide equivalency is a quantity that describes, for a given mixture and amount of greenhouse gas, the amount of CO2 that would have the same global warming potential (GWP), when measured over a specified timescale (e.g. 20 or 100 years). Carbon dioxide equivalency thus reflects the time-integrated radiative forcing of a quantity of emissions or rate of greenhouse gas emission—a flow into the atmosphere—rather than the instantaneous value of the radiative forcing of the stock (concentration) of greenhouse gases in the atmosphere described by CO2e] 



100 Year Atmospheric Lifetime 

      

20 Year Atmospheric Lifetime
      
[bookmark: _Ref373575420]ES Figure 3 Biodiesel GHG Emissions by Blend Percent versus Natural Gas


[bookmark: _Ref373667421]ES Figure 4 ULS HO/Biodiesel CO2e Reduction versus Natural Gas – 100 and 20 Year Atmospheric Lifetimes

ES Figure 4 shows that, as technology advances, biodiesel CO2e reduction can far exceed conventional natural gas and shale gas.   

Given that biodiesel matches and can easily be lower than natural gas GHG emissions, there is no climate change reason for fuel switching from oil to natural gas.
[bookmark: _Toc443634265]Criteria Pollutants Emissions
Ultra-Low Sulfur Heating Oil (ULS HO) contains a maximum of 15 ppm sulfur, is generally deemed equivalent in CO, NOx, SO2 and PM2.5 emissions to natural gas.  Also, B100 (100% biodiesel) is cleaner than ULS HO as there is no elemental sulfur in the product.  ES Figure 5 provides the latest comparison available from Brookhaven National Laboratory (BNL).  

[image: ]
[bookmark: _Ref373575307]ES Figure 5 Compilation of Air Pollutant Emission Factors for Delivered Fuels 100% Complete Combustion

Given that CO, SO2, NOx and PM2.5 emission of ULS HO are equivalent to natural gas emissions there is no air pollution rationale for incentivizing or encouraging fuel switching from oil to natural gas.
[bookmark: _Toc443634266]Methane Emissions from Natural Gas
Both wellhead production and local distribution company delivery system leakage have been the subjects of numerous studies and reports.   It should be noted that the calculations within this report were based on the conservative ICF[footnoteRef:8] approach using EPA data.  But, there will be more to come on this issue which could increase the impact of CO2e of natural gas.    [8:  	 ICF International of Fairfax, Virginia authored “Final Resource Analysis of Energy Use and Greenhouse Gas Emissions from Residential Boilers for Space Heating and Hot Water (Rev. 2/2009)” which was the basis for the oil and natural gas heating energy and emissions data in this report and “Assessment of New York City Natural Gas Market Fundamentals and Life Cycle Fuel Emissions”, 7/31/2012 providing shale gas emissions data for this report. ] 


A report prepared for Sen. Edward J. Markey and issued August 1, 2013 titled “Natural Gas Pipeline Leaks Cost Consumers Billions[footnoteRef:9]” highlighted the fact that “Federal and state regulators explained in interviews for this report that there isn’t a consistent methodology for calculating lost and unaccounted for gas, and data quality problems are common.”  This may clearly lead to inaccurate leakage reporting to EPA.   [9:   	http://www.markey.senate.gov/documents/markey_lost_gas_report.pdf] 


The issue of natural gas extraction and processing emissions remains a hot topic.  Balancing the latest reports, one can only conclude the University of Texas (UT) narrow focused study was not helpful and the Harvard study continues to question methane emission levels form processing and production.  

UT and the Environmental Defense Fund study[footnoteRef:10] released September 16, 2013 that directly measured methane emissions at 190 onshore natural gas production sites throughout the United States, including 27 wells being prepared for continuous production and 489 wells that underwent hydraulic fracturing. The authors found that the emissions measured at wells during completion varied over a large range but were, on average; nearly 50 times lower than previously estimated by the Environmental Protection Agency (EPA). By contrast, measurements of methane emissions from equipment on wells in routine production were comparable to or higher than EPA estimates. The authors used the measurements of methane emissions to estimate that the nation’s total annual methane emissions from well completions, pneumatic devices, chemical pumps, and equipment leaks are between 757 and 1,157 Gg, comparable to the EPA estimate of approximately 1,200 Gg.   [10:   	Proceeding of the National Academy of Sciences of the United States of America (PNAS)  http://www.pnas.org/content/110/44/17768] 


UT study contains a major a major internal contradiction. The well sites were selected with substantial input from the oil and gas industry, which volunteered specific sites, and the vast majority of the wells studied used leak-control technology that has yet to be adopted at many, if not most, oil and gas wells, while others were wells that produced very little gas and consequently even serious leaks would produce relatively small emissions – specifically, the authors noted, those wells had the potential to emit only 0.55% as much as an average well.  Although the study’s authors acknowledged that their measurements were by no means representative of the average gas well nationwide, they nonetheless chose to use that skewed data to estimate gas leaks nationwide.  The methodology that UT chose for making that estimate also has drawn heavy fire from others in the research community.

According to a new study released November 25, 2013[footnoteRef:11], Harvard University concluded methane from fossil fuel extraction and refining activities in the South Central United States are nearly five times higher than previous estimates. The new study takes a top-down approach, measuring what is actually present in the atmosphere and then using meteorological data and statistical analysis to trace it back to regional sources.  NOAA and the U.S. Department of Energy collect observations of methane and other gases from the tops of telecommunications towers, typically about as tall as the Empire State Building, and during research flights. The team combined this data with meteorological models of the temperatures, winds, and movement of air masses from the same time period, and then used a statistical method known as geostatistical inverse modeling to essentially run the model backward and determine the methane’s origin.  The team also compared these results with regional economic and demographic data, as well as other information that provided clues to the sources — for example, data on human populations, livestock populations, electricity production from power plants, oil and natural gas production, production from oil refineries, rice production, and coal production. In addition, they drew correlations between methane levels and other gases that were observed at the time. For example, a high correlation between levels of methane and propane in the south-central region suggests a significant role for fossil fuels there. [11:   PNAS http://www.pnas.org/content/early/2013/11/20/1314392110] 

[bookmark: _Toc443634267]Economic Development
It is important to note the potential economic development implications of fuel switching from oil and biodiesels to natural gas.  The residential and commercial heating oil and biodiesel industry is an important and vital component of the  Pennsylvania economy and the energy mix statewide. According to the National Oilheat Research Alliance (NORA), there are 722 retail heating oil businesses in Pennsylvania. These companies employ employing about 4,700 people with a payroll approaching $178,000000 annually and provide energy services to approximately 950,000 households and thousands of commercial operations that use heating oil, diesel fuel and bio-blended distillate for space heating, manufacturing and power generation.  A state sponsored fuel switching would eliminate many of these jobs which would not be replaced in kind. 
[bookmark: _Toc443634268]Conclusions
Incentivizing fuel switching from oil to natural gas does not appear to be consumer friendly, economical, or environmentally cleaner and will clearly erode the business strength of over 700 retail operations, and eliminate many of the more than 4,700 jobs in the state’s oilheating/bioheating industry. There appears to be no good public policy reason (consumer economics, future energy price, GHG emissions or criteria pollutant emissions) for the Commonwealth of Pennsylvania to promote fuel switching from heating oil to natural gas.

However, public policies that encourage upgrading older, inefficient oil-fired and natural gas boilers and furnaces, as well as encouraging the use of ULS HO and biodiesels will save energy, reduce cost, reduce pollution and increase jobs.    

[bookmark: _Toc443634269]Introduction
This research was undertaken to provide DEP and others with validated economic and environmental data with respect to current residential heating oil and biodiesel customers in the Commonwealth, economic indifference conversion thresholds and environmental impact of residential fuel switching from oil to natural gas. 

This report seeks to lay out the case for ultra-low sulfur biodiesel blends as an important and valuable residential heating fuel for Pennsylvania residents that should be supported by DEP.  In fact, ultra-low sulfur biodiesel blends support DEP’s stated purposes of identifying: economic opportunities for the Commonwealth created by the potential need for alternative sources of energy, climate-related technologies, services and strategies, carbon sequestration technologies, capture and utilization of fugitive GHG emissions from any source and other mitigation strategies.
[bookmark: _Toc443634270]Consumer Economics of Energy Efficiency 
It is well known that energy efficiency improvements are most effective public policy measures. Demonstrable progress has been made in oil heated homes in Pennsylvania in this regard. According to a 2011 report commissioned by NORA, “Since the establishment of the National Oilheat Research Alliance in 2000, the organization’s programmatic efforts in research, training and education, have contributed to substantial savings for consumers over the past decade.”  Because of these efforts, the oil heating industry in Pennsylvania and in 22 other states has improved residential oil heat efficiency by 30% or 120 gallons per home.  Based on the U.S. average heating oil price in 2016 winter season, the volume reduction over this period has reduced oil-heat consumer’s energy costs by about $299 per household. 
[bookmark: _Toc443634271]Consumer Economics of Fuel Switching
For example, the cost of converting to natural a gas boiler requires at a minimum:
1. replacement of the boiler or furnace
2. chimney replacement or relining
3. gas main 
4. service line extension and meter set
5. gas water heater
6. removal and disposal of the existing fuel storage tank

In microeconomic theory, an indifference curve is a graph showing different goods between which a consumer is indifferent.  That is, at each point on the curve, the consumer has no preference for one good over another.   An economic indifference curve focuses only on an economic return with respect to a choice between two choices and factors out other influences like inconvenience, disruption of service, etc.  


Table 1 presents one oil/biodiesel to natural gas conversion estimate based on discussion with local Pennsylvania HVAC contractors[footnoteRef:12].  Each element estimate is equally valid as there are many variables when factoring the economics for fuel switching from oil/biodiesels to natural gas.   [12:    See Appendix A: Cost of Conversion Estimate for details] 


[bookmark: _Ref373322236]
[bookmark: _Ref445371791][bookmark: _Toc443634321]Table 1 Oil to Natural Gas Conversion Cost Estimates
	 
	Cost Estimates

	Boiler
	$5,980

	Tank Removal
	$660

	Chimney liner
	$1,500

	In house piping
	$642

	Indirect
	$2,260

	Gas line & meter set
	$1,933

	Sub-total
	$11,945

	Add ins
	$725

	Total
	$12,670




The total conversion costs in Table 1 are amortized over a ten-year timeframe at 3% simple annual interest into annual conversion capital payments.   Natural gas and oil boilers were modeled by Brookhaven National Laboratory (BNL) (see paragraph below) providing annual fuel consumption data that is easily converted to annual fuel costs.   The annual natural gas fuel cost plus an annual conversion cost payment is compared to the annual oil/biodiesel fuel cost to develop and economic indifference curve.

BNL developed an accurate method to determine system efficiency for integrated heating and domestic hot water residential systems[footnoteRef:13], [footnoteRef:14].  The BNL model is more accurate in predicting actual building heating and DHW performance than the commonly used AFUE methodology.  Three boiler configurations were examined: an average efficiency boiler (based on sales), a high efficiency boiler and a condensing boiler.   The comparison was performed on a 2,500 ft2 ranch home with a basement and typical “code” construction.    Figure 1 and Figure 2  provide the total annual resource energy requirements to provide heating and hot water services to the modeled 2,500 square foot house (including energy use along the fuel cycle and end use equipment efficiency) for 2006 and 2020 respectively.  Total energy requirements to provide the annual heating and hot water services is higher for natural gas for both the average, high efficiency non-condensing boilers because oil and biofuel blends less hydrogen content[footnoteRef:15].    Furthermore, non-condensing boilers are a more likely replacement than condensing boilers largely because existing residential hydronic loops were designed based on high return water temperatures which do not allow for condensing during most operating conditions.   [13:   	Performance of Integrated Hydronic Systems, Project Report, May 1, 2007, Thomas A. Butcher, Brookhaven National Laboratory.]  [14:   	AFUE leads to low estimates of the energy savings potential of modern, integrated systems, particularly where advanced controls are used.]  [15:    With respect to current non-condensing appliances - natural gas maximum boiler AFUE efficiency is 83% and oil maximum boiler AFUE efficiency is 88% with the reason for this differential being the hydrogen content in the fuel and resultant combustion gas dewpoint affecting performance.] 
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[bookmark: _Ref347742260][bookmark: _Toc443634300]Figure 1 2006 Fuel Cycle Energy 

[image: ]
[bookmark: _Ref347742360][bookmark: _Toc443634301]Figure 2 2020 Fuel Cycle Energy

Figure 3 presents the economic indifference curve based a 92 MMBtu residential energy use per year boiler conversion.  The economic indifference curve (Figure 3) is the red line and reflects a conversion cost of $12,670, plotted against the price of the two fuels, assuming equivalent efficiencies.  Points above the line indicate that there is no economic incentive to convert to natural gas, and in fact no action is appropriate.  Points below the line indicate there is an economic incentive to convert to natural gas.  The red box contains the price for natural gas and heating oil for the last two decades.  Of particular reference are the brown, yellow, grey, and orange points that represent recent years.  These points would favor a conversion, however, that pricing must last the ten years of the amortization of the conversion cost.  However, the red, green and black boxes are the most current pricing, and they indicate not converting is the appropriate economic choice.  

[image: ]
[bookmark: _Ref443583439][bookmark: _Ref443632397][bookmark: _Toc443634302]Figure 3 Consumer Economic Indifference Curve High Estimated Conversion Cost (Non-condensing boilers)

Figure 4 presents the economic indifference curve based a 54.6 MMBtu (equivalent to 53,000 cu ft. of natural gas referenced in the DEP Draft report) residential energy use per year boiler conversion.  The economic indifference curve is the red line and reflects an oil/biodiesel to natural gas conversion cost of $5,600, which was assumed in the 2015 DEP report update, plotted against the price of the two fuels, assuming equivalent efficiencies.  Points above the line indicate that there is no economic incentive to convert to natural gas, and in fact no action is appropriate.  Points below the line indicate there is an economic incentive to convert to natural gas.  The red box contains the price for natural gas and heating oil for the last two decades.  Of particular reference are the brown, yellow, grey, and orange points that represent recent years.  These points would favor a conversion, however, that pricing must last the ten years of the amortization of the conversion cost.  However, the red, green and black diamonds are the most current pricing, and they indicate not converting is the appropriate economic choice.  

[image: ]
[bookmark: _Ref373324091][bookmark: _Ref443581742][bookmark: _Toc443634303]Figure 4 Consumer Economic Indifference Curve High Estimated Conversion Cost (Equal Furnace Efficiency)
[bookmark: _Toc443634272]Other Conversion Factors to consider
Sussex Energy Advisors surveyed 450 consumers collecting demographics (including current fuel, age of heating system, perceived replacement date); current perceptions of natural gas; price perceptions and effect on fuel choice; value of price and incentives to conversion decision.  Consumers commented:

1. “Unless there is some incentive that can pay it back in 2-3 years, forget it.”
2. “My formula is this.  If it’s paid back in savings in 5 years or less and cost less than $15,000, then I will deal with it.”
3. “If you really save me 50% on my energy bill and it cost less than $10,000, it will be worth it.”
4. “I had my furnace replaced in my other house when they brought gas to my neighborhood.  What a mess.  It was late spring.  My yard was ripped up, mud all over the house from the workers, they had to cut up my old oil tank, days of cleaning up after they left.  In the end it was well worth it, but what a mess.”
5. “We have enough going on in our life.  People in and out all day…who is going to get rid of the old furnace, the oil tank and all that.”

Figure 5 shows that 54% of the consumers surveyed believe that the process of conversion is difficult or very difficult.  This means that the economic indifference curve must be viewed with a bias toward not converting.  
[image: ]
[bookmark: _Ref373398887][bookmark: _Toc443634304]Figure 5 Sussex Energy Advisors Study[footnoteRef:16] [16:  	Sussex Economics Advisors, DOER Natural Gas Expansion Study 2nd Stakeholder Meeting October 13, 2013] 


Based on this economic indifferent curve analysis and the general bias consumers against conversion, there is no apparent reason for a consumer to convert at this time, which begs a question: Are there other near-term reasons to convert from oil to natural gas?  The following sections will explore potential societal benefits:

1. GHG Emissions
2. Criteria Pollutant Emissions
3. Future Energy Price 
[bookmark: _Toc443634273]Greenhouse Gas (GHG) Emissions Comparison
[bookmark: _Toc443634274]Rapidly Changing Science
The subject of GHG emissions remains a rapidly evolving science.  In fact, as of this writing, the IPCC has published a fifth draft report.  The IPCC report[footnoteRef:17], increased the GHG multiplier for methane from 25 (100 Year Atmospheric lifetime) and 72 (100 Year Atmospheric lifetime) times CO2[footnoteRef:18] to 28 and 84[footnoteRef:19] respectively.  This amounts to a 12% (100 year) and 17% (20 year) increase in GHG impact.    [17:  	The final draft Report, dated 7 June 2013, of the Working Group I contribution to the IPCC 5th Assessment Report "Climate Change 2013: The Physical Science Basis" was accepted but not approved in detail by the 12th Session of Working Group I and the 36th Session of the IPCC on 26 September 2013 in Stockholm, Sweden.]  [18:  	IPCC AR4]  [19:   IPCC AR5] 


A recent Harvard University study[footnoteRef:20] concluded that regional methane emissions due to fossil fuel extraction and processing could be 4.9 ± 2.6 times larger than in EDGAR, the most comprehensive global methane inventory. These results cast doubt on the U.S. EPA’s recent decision to downscale its estimate of national natural gas emissions by 25–30%. [20:  	Anthropogenic emissions of methane in the United States, Scot M. Miller et al, Proceedings of the National Academy of Sciences, November 25, 2013] 


These two factors alone render the findings in this report conservative.  The complete basis for the ULS HO and natural gas findings are found in Appendix C.

[bookmark: _Toc443634275]100 Year versus 20 Year Time Horizon
The United Nations Intergovernmental Panel on Climate Change (IPCC) developed the concept of global warming potential (GWP) as an index to help policymakers evaluate the impacts of greenhouse gases with different atmospheric lifetimes and infrared absorption properties, relative to the chosen baseline of carbon dioxide (CO2).  Scientific advancements have led to corrections in GWP values over the past decade, and it is imperative that our policy decisions reflect this new knowledge.  In the mid-90s, policymakers for the Kyoto Protocol chose a 100-year time frame for comparing greenhouse gas impacts using GWPs.  The choice of time horizon determines how policymakers weigh the short- and long-term costs and benefits of different strategies for tackling climate change.  According to the IPCC, the decision to evaluate global warming impacts over a specific time frame is strictly a policy decision—it is not a matter of science:

“the selection of a time horizon of a radiative forcing index is largely a ‘user’ choice (i.e. a policy decision)” [and] “if the policy emphasis is to help guard against the possible occurrence of potentially abrupt, non-linear climate responses in the relatively near future, then a choice of a 20-year time horizon would yield an index that is relevant to making such decisions regarding appropriate greenhouse gas abatement strategies.” 

Short-lived pollutants that scientists are targeting today which actually warm the atmosphere are methane and hydrofluorocarbons (HFCs) which are greenhouse gases like CO2; trapping radiation after it is reflected from the ground.  Black carbon and tropospheric ozone, an element of smog, are not greenhouse gases, but they warm the air by directly absorbing solar radiation.   Black carbon remains in the atmosphere for only two weeks and methane for no more than 15 years.
[bookmark: _Toc443634276]CO2e Equivalence of Natural Gas versus ULS HO/Biodiesel
Focusing on near term targets for GHG impacts is both an effective strategy and recommended policy as it can have a more dramatic effect in the short term than reductions in carbon dioxide, thus providing more time to develop appropriate carbon dioxide reduction strategies.  This renewed focus on 20-year GHG targets stimulated a reassessment of the ICF life-cycle study using the AR4 20-year numbers for methane emissions in the production, transportation, delivery and combustion of heating oil, ultra-low sulfur diesel, bio-blends, natural gas and shale gas. 
[bookmark: _Ref373492946][bookmark: _Ref373492941]Table 2 presents the equivalent biodiesel required to equal natural gas being combusted in high efficiency non-condensing boilers which is the most likely hydronic replacement system in Massachusetts.   The biofuel data comes from the National Biodiesel Board.  
[bookmark: _Toc443634322]Table 2 Equivalent CO2e Emissions for Natural Gas and ULS HO/Biodiesel 
[image: ]

The results show that, using the conventional 100-year basis, approximately a 9.4 ULS HO/biodiesel is equivalent to natural gas.  While 100-year atmosphere lifetime is an important factor, the scientific community is starting to focus more on short-term carbon forcers as a more important problem to solve.  In this case, using 20-year atmospheric lifetime data no biodiesel is required to achieve equivalence to natural gas.  

Increasing the biodiesel fraction over time will dramatically reduce the GHG emissions well below natural gas.  Keeping in mind that natural gas suppliers are pursuing various types of biogas, there is no current technology on the horizon that is economically viable. 

All the above is not to say that natural gas is not a good fuel, but to create public policies in place to coerce conversion from heating oil (ULS HO/biodiesels) may, in fact, may increase GHG emissions.  
[bookmark: _Toc443634277]Criteria Air Pollutant Emissions Assessment (NOX, SO2, CO, PM2.5)
Figure 6 clearly show that ULS bio-blends reach equivalence with natural gas for SO2, NOx and PM2.5, and CO emissions[footnoteRef:21].    [21:  	EPA AP 42-Compilation of Air Pollutant Emission Factors - http://www.epa.gov/ttn/chief/ap42/index.html Tables 1.3.1, 1.4.1 and 1.4.2] 


[image: ]
[bookmark: _Ref356140826][bookmark: _Toc443634305]Figure 6 Compilation of Air Pollutant Emission Factors[footnoteRef:22] [22:  	Basis for this graph: EPA AP 42-Compilation of Air Pollutant Emission Factors - http://www.epa.gov/ttn/chief/ap42/index.html Tables 1.3.1, 1.4.1 and 1.4.2 for small boilers (note EPA does not report on residential boilers, however consultation with Brookhaven National Laboratory confirmed the small boiler numbers are representative).  Small particles (PM2.5) and SO2 (1,500 ppm) values are from BNL report End Note j. ] 

[bookmark: _Toc443634278]Future Energy Price
US energy policy has gone through several ‘waves’ over the last 60+ years.  In general, policy is driven by the current perception of future energy availability.  In the last 60 years, there have been two periods where the perception of future energy supply was shortage and two periods of surplus.  Today, we may be at the top or in the last days of the second period of perceived future global oil and gas shortages. 
The changes have been driven by perceptions of future supply and to correct for unintended consequences that developed from previous policy actions.
[bookmark: _Toc443634279]U.S. Natural Gas Price
Long term natural gas price forecasts are revised annually and/or periodically by significant amounts.  The U.S. Energy Information Agency (EIA) began forecasting prices for the year 2025 in 2003.  By 2009 the price forecast for 2025 increased by 56 percent.  By 2013 the forecast price for 2025 had fallen back to the same level projected in 2003.  (Figure 7).  Figure 5 clearly conveys that estimates of future prices and future prices have a low level of correlation.

[image: ]
[bookmark: _Ref373479663][bookmark: _Toc443634306]Figure 7 EIA Historical Long-term Wellhead Natural Gas Price Forecasts 

North American wellhead natural gas prices have fallen to the lowest levels in over a decade due to rising supplies of low-cost shale gas.  In general, the North American natural gas market is now demand constrained; e.g., there isn’t enough demand to absorb rising supplies.  As a result, natural gas wellhead prices have fallen to low enough levels to replace coal in power generation and prevent new coal and nuclear plants from being built as seen in Figure 8.

[image: ]
[bookmark: _Ref373480012][bookmark: _Toc443634307]Figure 8 EIA U.S. Power Generation Fuel Mix
Since 2002, residential and commercial demand has fallen by 12 percent and industrial, electric power and the export sector have increased by 10 percent.  Demand in the electric sector is driven by low cost natural gas which is displacing coal.  Demand in the industrial sector is due to economic growth, as well as, low cost natural gas which is providing U.S. industrials a competitive advantage over international competitors.  

[image: ]
[bookmark: _Toc443634308]Figure 9 EIA U.S. Natural Gas Demand: Growth in Power Generation, Industrial Sector and Exports

James Henderson properly captured the driving force behind the flurry of LNG export activity in North America by stating; “[w]ith U.S. spot gas prices falling to a level of $2-3/MMBtu in the first half of 2012 compared to European long-term contract prices of around $12/MMBtu and Asian spot LNG prices close to $18/MMBtu, it is obvious that an arbitrage opportunity exists for North American producers who can construct or gain access to new liquefaction facilities.” [footnoteRef:23]  This global LNG price disparity will undoubtedly lead to construction of some of the 31 LNG export terminals (note projects 1, 4 are import terminals) identified on Figure 10 and in Appendix E.  At least 21 LNG export projects have been proposed with a combined capacity of 27 Bcf/d (over 40 percent of current U.S. natural gas demand).   [23:  	The Potential Impact of North American LNG Exports, James Henderson, October 2012, Oxford Institute for Energy Studies] 



[bookmark: _Ref373482223][bookmark: _Toc443634309]Figure 10 FERC Office of Energy Projects: North American Proposed/Potential LNG Import/Export Terminals

Rising natural gas demand from power generation and future LNG exports will likely cause natural gas prices to rise from the recent low levels.
[bookmark: _Toc443634280]U.S. Heating Oil Price
To better understand the heating oil price forecast it is necessary to understand supply demand trends for the region.  New England markets require very little diesel and heating oil supply from non-Canadian sources, as shown in Figure 11.  In fact, East Coast imports of diesel fuel and heating oil into the market have been falling since 2004. (Figure 11 and Figure 12)


[bookmark: _Ref373485866][bookmark: _Toc443634310]Figure 11 EIA New England Distillate Imports


[bookmark: _Ref373487109][bookmark: _Toc443634311]Figure 12 EIA East Coast Distillate Net Imports

For much of the year, the U.S. east coast refining industry is a significant exporter of diesel fuel and heating oil to the international market.  The U.S. East Coast refining industry has become a supplier of diesel and heating oil to the Atlantic Basin market over the past few years.  With weak demand and supply likely to rise further as refineries continue to restart, distillate exports from the region could increase. (Figure 13)

The U.S. Gulf Coast refining industry is a major exporter of diesel fuel and heating oil to the international market.  Pipelines supplying the east coast from the U.S. Gulf Coast are slowly expanding.  Crude oil supplies in the U.S. are growing rapidly and causing a significant decrease in waterborne crude oil imports.  The combined effects of vehicle efficiency, biofuels, rising imports from Canada, and rising domestic production will continue to reduce U.S. crude oil imports (ex. Canada) for years to come.


[bookmark: _Ref373486655][bookmark: _Ref373486644][bookmark: _Toc443634312]Figure 13 EIA Distillate Exports from the U.S. East Coast

Figure 14 shows the U.S. crude supply, including Canadian and Mexican resources, has been rising rapidly and is expected to increase at the recent pace for several years.  The combination of rising oil sands[footnoteRef:24] production in Canada, oil from shale across North America, renewable fuels and biofuels could result in self-sufficiency for the region by 2020. [24:  	Two comments with respect to GHG emission from the production of oil sands are required.  1) According to Environment Canada, GHG emissions per barrel of oil from the oil sands have been reduced by an average of 26 percent between 1990 and 2010.  2) With respect to price in North America, oil sands will be produced and purchased throughout the region regardless of local jurisdiction bans on importation as other states and localities will allow importation.  However, note that Massachusetts residents will benefit from lower heating oil as a result of oil sands entering other markets.     ] 


[bookmark: _Ref373486928][bookmark: _Toc443634313]Figure 14 EIA U.S. Crude Oil Supply Including Canada and Mexico

Jim Patterson, of Kiplinger stated on July 3, 2013 that; “[a]fter nearly a decade of unrelenting gains, oil prices are poised for a drop. New sources of supply and slowing demand both at home and abroad will combine to push prices down by 20% to 30% by 2016.”[footnoteRef:25] [25:   http://www.kiplinger.com/article/business/T019-C021-S005-lower-oil-prices-on-the-horizon.html#xB6wlSmPzCmh8JgY.99 ] 

[bookmark: _Toc443634281]Oil and Gas Price Forecast Conclusion 
Long-term oil and gas price forecasts have changed dramatically over the years and are revised every year as perceptions about the future change. There are a growing number of signposts from both the oil and natural gas markets indicating that oil and gas prices may actually begin to converge back on each other over the next several years.  Should the price premium for oil fall relative to natural gas, any fuel cost savings from switching to natural gas will erode.
· Global and North American oil reserves are rising at historically rapid rates as the upstream industry responds to high oil prices, and technology allows shale oil resources to be developed.  Reserves are rising at a rate that is consistent with weaker oil prices.
· Demand growth worldwide has not been sufficient to absorb rising production.
· OPEC spare capacity as a percent of global demand is rising to a level that is consistent with oil price declines.
North American natural gas prices have fallen to the lowest levels in over a decade due to rising supplies of low-cost shale gas.  In general, the North American natural gas market is now demand constrained; e.g., there isn’t enough demand to absorb rising supplies.  As a result, natural gas prices have fallen to low enough levels to replace coal in power generation and prevent new coal and nuclear plants from being built.  At least 21 LNG export projects in the U.S. lower 48 and Canada have been proposed by 2020.  These total over 27 Bcf/d of natural gas demand which is equivalent to 40 percent of 2011 U.S. gas demand.    Rising natural gas demand from power generation and future LNG exports could cause natural gas prices to rise from the recent low levels.
[bookmark: _Toc443634282]Appendix A: Cost of Conversion Estimate 
Table 3 is a composite estimate of conversion cost from an oil or biodiesel boiler to a high efficiency natural gas boiler.  

[bookmark: _Ref373862878][bookmark: _Toc443634323]Table 3 Oil to Natural Gas Conversion Cost Estimates
	 
	Cost Estimates

	Boiler
	$5,980

	Tank Removal
	$660

	Chimney liner
	$1,500

	In house piping
	$642

	Indirect
	$2,260

	Gas line & meter set
	$1,933

	Sub-total
	$11,945

	Add ins
	$725

	Total
	$12,670



Table 1 represents a composite cost estimate using data form the following companies:

Joe Clemenson - JC Heating
Tony Agnese - HOP
Pat Boyle - Boyle
Gene Kiessling - Self
Mike Daubert - Rhoads
Ron Trupp - Berks

[bookmark: _Toc443634283]Appendix B: Climate Change Impact Analysis Basis and Methodology 
This Appendix contains detailed calculations based upon two ICF studies (referenced herein) that cover GHG emission for heating oil, (#2 and ULS HO), natural gas and biodiesel including end-use non-condensing boiler combustion and an additional study focusing on the impact of shale gas delivered to New York City.  This Appendix serves as the basis for the oil, ULS HO and natural gas data presented in the conclusions of this report.

[bookmark: _Toc443634284]Liquid Fuels Analysis
The initial focus of this review will concentrate on Greenhouse Gas emissions for natural gas, number 2 heating oil (#2) and ultra-low sulfur (ULS) heating oil, biodiesel and biodiesel blends with #2 and ULS.  When properly combined the three major emissions from natural gas, #2, ULS and biodiesel blends is expressed in CO2 equivalents[footnoteRef:26] (CO2e) which are CO2, NO2 and methane.  In this regard natural, gas, #2, ULS and biodiesel and blend can be fairly compared.  Sulfur dioxide and particulate matter will be addressed separately. [26:  A CO2e converts NO2 and methane into an equivalent amount of global warming potential in terms of CO2 and adds the three components together.   ] 

[bookmark: _Toc443634285]Analytical Basis
To achieve a rational understanding of the impact of residential heating equipment commonly used in Massachusetts today, a series of important variables must be considered as stated above.  The foundation for this analysis is the comprehensive ICF study performed for the heating oil industry in 2009[footnoteRef:27].   The following is a series of analytical updates to this data, together with the means and methods used.    [27:  “Final Report Resource Analysis of Energy Use and Greenhouse Gas Emissions from Residential Boilers for Space Heating and Hot Water”, Revised February 2009, ICF International] 

[bookmark: _Toc443634286]2009 ICF Fuel Cycle Analysis
Fuel Cycle GHG Emissions – The fuel cycle GHG emissions comparison shows the amount of CO2 equivalent emissions that is associated with delivering each MMBtu of the selected fuels to the burner-tip.  These comparisons are presented for both 2006 and 2020.  Changes in emissions intensity that occur over this time frame reflect changes in energy use and emissions for the various fuel cycle stages for each fuel, as well as changes in the supply base (e.g., changes to both domestic supply areas and LNG imports for natural gas) for each demand region.  



[bookmark: _Ref355602426][bookmark: _Toc443634324]Table 4 ICF Base Report - Fuel Cycle GHG Emissions Findings -100 Year View 
[image: ]
Table 4 shows the delivered burner-tip fuel-based CO2e emissions based on the information available at the time the report data was compiled.   This data suggests that in the year 2020 a 6.6% biodiesel blend with ULS would be equivalent to natural gas (CO2, CH4 and N2O).   However, there remains several important updates and analysis that dramatically change this and substantially change the conclusion.
[bookmark: _Toc443634287]Improved Biodiesel Fuel Cycle Efficiency
The ICF study utilized a National Renewable Energy Laboratory (NREL) study to develop the biodiesel fuel cycle energy and emissions data.  Concurrently, the Biodiesel Board studied the issue and published updated findings shown in 2008.

[image: ]
[bookmark: _Toc443634314]Figure 15 Energy Balance: An Update[footnoteRef:28] [28:  	“Energy Balance: An Update”, Dev Shrestha Co-Authors, A. Pradhan, D. S. Shrestha, A. McAloon, M. Haas, W. Yee, J. A. Duffield, and H. Shapouri, October 2008 Presentation] 


Updating the ICF base report biodiesel data yields Table 5 reducing the biodiesel fraction in 2020 to 22.6% for natural gas equivalence delivered to the burner tip. 

[bookmark: _Ref356032486][bookmark: _Toc443634325] Table 5 ICF Base Report with Updated Biodiesel Efficiencies and Emissions - Fuel Cycle GHG Emissions Findings
[image: ]



[bookmark: _Toc443634288]UN IPCC AR3 to AR5 Update
The ICF study used the United Nations Intergovernmental Panel on Climate Change’s Third Assessment Report (IPCC-TAR, 2001) on the effects of GHGs over a 100-year time horizon.  This assessment weights the methane GHG impact at 23 times CO2 over the 100-year timeframe.

[bookmark: _Toc443634326]Table 6 IPCC Third Assessment Report (2001) TAR
	
	20 year
	100 year
	500 year

	Carbon dioxide
	1
	1
	1

	Methane
	62
	23
	7

	Nitrous oxide
	275
	296
	156



The IPCC Working Group 1 presents GWP values based on the most up-to-date science, but does not recommend any rules on application of those values.  Note that the latest science presented in the Fourth Assessment Report (AR5) released in 2007 rates the 100-year impact of methane at 28[footnoteRef:29] times CO2. [29:  The report also notes that the methane multiplier maybe as high as 38 times
] 


[bookmark: _Toc443634327]Table 7 IPCC Fifth Assessment Report (2013) AR5
[image: ]

Updating the ICF report data to the AR5 findings further reduces the biodiesel blend for equivalence with natural gas GHG emissions to 22.2% in 2020 (Table 8).  

[bookmark: _Ref355604381][bookmark: _Toc443634328]Table 8 ICF Base Report with Updated IPCC Findings from AR3 to AR5 100 Year Time Horizon
[image: ]





[bookmark: _Toc443634289]Shale Gas Adjustments
The 2009 ICF Base Report predated an understanding of the impact of Marcellus Shale gas on the region.  A second report ICF International provided to the City of New York assessing shale gas forms the basis of this final delivered fuel GHG assessment based on the UN IPCC AR4 100-year time horizon.

[bookmark: _Ref355613226][bookmark: _Toc443634329]Table 9 Delivered Natural Gas Mixture (NYC) with Shale Gas at the Margin (100-year Time Horizon)
	
	2010
	2020
	Units

	ICF NYC NG Report Mix with Shale Gas (P48)
	72.00
	70.80
	kg CO2e /MMBtu

	ICF NYC NG Report Mix with Shale Gas (P48)
	158.40
	155.76
	lb CO2e /MMBtu

	ICF Base Report NG Mix with LNG AR4 Adjust
	152.96
	156.41
	lb CO2e /MMBtu



Table 9 presents the natural gas mixture differences between the 2009 ICF report and the 2012 ICF report with respect to natural gas mixture GHG emissions characteristics as the industry moves from LNG to shale gas.   Table 10 provides the 2020 delivered fuel bio/ULS mixture is 24.5%.  This blend number will be examined further by assessing end use efficiency and then by examining atmospheric time horizons.    

 Table 10 Updated IPCC AR4 100 Year Time Horizon Shale Gas at the Margin
[image: ]

[bookmark: _Toc443634290]End-Use Efficiency
To understand the impact of residential heating equipment commonly used in Pennsylvania, it is essential to take into account the combustion efficiency of the heating appliance as well as the life cycle emissions of the delivered fuel.  

To this end, Brookhaven National Laboratory[footnoteRef:30] (BNL) developed an accurate method to determine system efficiency for integrated heating and domestic hot water residential systems[footnoteRef:31].  The BNL model is more accurate in predicting actual building heating and DHW performance than the commonly used AFUE methodology.  The comparison was performed on a 2,500 ft2 ranch home with a basement and typical “code” construction.   [30: 	Performance of Integrated Hydronic Systems, Project Report, May 1, 2007, Thomas A. Butcher, Brookhaven National Laboratory.]  [31: 	AFUE leads to low estimates of the energy savings potential of modern, integrated systems, particularly where advanced controls are used.] 


Table 10 provides the annual energy use for high efficiency non-condensing natural gas and oil-fired boilers sold in Massachusetts.  

[bookmark: _Ref355614989]

[bookmark: _Toc443634330]Table 10 BNL Energy Findings for Northern New England Home
	Boiler & DHW
	Description
	MMBtu/year

	System
	
	Pennsylvania

	3
	Current high efficiency oil boiler
	96.2

	4
	Current high efficiency gas boiler
	112.2



Table 11 applies the annual fuel use in 

Table 10 to the delivered fuel GHG emissions in Error! Reference source not found. and yields a bio/ULS blend ratio of 12.6% to achieve equivalent GHG emissions with natural gas based on a 100-year time horizon.  
[bookmark: _Ref355615053]
[bookmark: _Toc443634331]Table 11 Updated IPCC AR4 100 Year Time Horizon Shale Gas at the Margin Including End-Use Efficiency
[image: ]
[bookmark: _Toc443634291]100 Year versus 20 Year Time Horizon
The United Nations Intergovernmental Panel on Climate Change (IPCC) developed the concept of global warming potential (GWP) as an index to help policymakers evaluate the impacts of greenhouse gases with different atmospheric lifetimes and infrared absorption properties, relative to the chosen baseline of carbon dioxide (CO2).  Scientific advancements have led to corrections in GWP values over the past decade.  In the mid-90s, policymakers for the Kyoto Protocol chose a 100-year time frame for comparing greenhouse gas impacts using GWPs[footnoteRef:32].  The choice of time horizon determines how policymakers weigh the short- and long-term costs and benefits of different strategies for tackling climate change.  According to the IPCC, the decision to evaluate global warming impacts over a specific time frame is strictly a policy decision—it is not a matter of science: [32:  U.N. Framework Convention on Climate Change, 1997. “Report of the Conference of the Parties on its Third Session, Held at Kyoto from 1 December to 11 December 2007, Addendum,” p. 31. Accessed athttp://unfccc.int/resource/docs/cop3/07a01.pdf on March 12, 2008] 

“the selection of a time horizon of a radiative forcing index is largely a ‘user’ choice (i.e. a policy decision)” [and] “if the policy emphasis is to help guard against the possible occurrence of potentially abrupt, non-linear climate responses in the relatively near future, then a choice of a 20-year time horizon would yield an index that is relevant to making such decisions regarding appropriate greenhouse gas abatement strategies.”[footnoteRef:33] [33:  Intergovernmental Panel on Climate Change, 1994. Radiative Forcing of Climate Change and an Evaluation of the IPCC IS92 Emission Scenarios, Cambridge University Press, p. 229] 

Short-lived pollutants that scientists are targeting today which actually warm the atmosphere are methane and hydrofluorocarbons (HFCs) which are greenhouse gases like CO2; trapping radiation after it is reflected from the ground.  Black carbon and tropospheric ozone, an element of smog, are not greenhouse gases, but they warm the air by directly absorbing solar radiation.   Black carbon remains in the atmosphere for only two weeks and methane for no more than 15 years.

Focusing on near term targets for GHG impacts is both an effective strategy and recommended policy as it can have a more dramatic effect in the short term than reductions in carbon dioxide, thus providing more time to develop appropriate carbon dioxide reduction strategies.  This renewed focus on 20-year GHG targets stimulated a reassessment of the ICF life-cycle study using the AR4 20-year numbers for methane emissions in the production, transportation, delivery and combustion of heating oil, ultra-low sulfur diesel, bio-blends, natural gas and LNG.  Table 12 shows that, based on a 20-year atmospheric time horizon, both #2 oil and ULS emit less CO2e emissions than the natural gas mixture modeled by ICF in the base study with LNG at the margin.  As DEP goes through this study and works to increasing the development of greener energy resources, it must describe the time frame that such greener energy resources are evaluated over.  

[bookmark: _Ref355621068][bookmark: _Toc443634332]Table 12 AR4 20 Year Time Horizon Shale Gas at the Margin Including End-Use Efficiency
[bookmark: _Toc347828449][image: ]

The subject of GHG emissions remains in flux as more data evaluations are made. In fact, as of this writing, the IPCC has published a fifth draft report. The United Nations Intergovernmental Panel on Climate Change (IPCC) report, increased the GHG multiplier for methane from 28 (100 Year Atmospheric lifetime) and 85 (20 Year Atmospheric lifetime) times CO2 to 28 and 84 respectively. 
[bookmark: _Toc404669047]A recent Harvard University study concluded that regional methane emissions due to fossil fuel extraction and processing could be 4.9 ± 2.6 times larger than in EDGAR, the most comprehensive global methane inventory. These results cast doubt on the U.S. EPA’s recent decision to downscale its estimate of national natural gas emissions by 25–30%. 
[bookmark: _Toc404669048]
[bookmark: _Toc443634292]Impact of Biodiesel on Oilheat Emissions 
Table 13 shows that less than 20% biodiesel blend with Ultra Low Sulfur Heating Oil (ULSHO) is equivalent to natural gas with respect to CO2e emissions using a 100-year atmospheric lifetime even accounting for the impact of indirect land use according the latest EPA data from RFS2. 

Focusing on near term targets for GHG impacts is both an effective strategy and recommended policy, as it can have a more dramatic effect in the short term than reductions in carbon dioxide, thus providing more time to develop appropriate carbon dioxide reduction strategies. This means shifting from the conventional 100-year atmospheric life-time to atmospheric lifetime assessment methodology to a more focused 20-year atmospheric lifetime assessment. Using the IPCC Fifth Technical Report’s 20-year shows that ULSHO is at least equivalent to natural gas with respect to CO2e emissions. (Table 13)
[bookmark: _Ref443632803][bookmark: _Toc443634333]Table 13 Results for Biodiesel[footnoteRef:34] with Equivalent CO2e 100 and 20 Year Atmospheric Lifetimes (IPCC AR5) Annual Emissions Advanced Non-condensing Boiler[footnoteRef:35]  [34:  “Reassessment of Life Cycle Greenhouse Gas Emissions for Soybean Biodiesel”, A. Pradhan, et al, American Society of Agricultural and Biological Engineers (ASABE) Transactions, 2012 ISSN 2151-0032 data and National Biodiesel Board Latest Calculations April 2015.]  [35:  “Final Report Resource Analysis of Energy Use and Greenhouse Gas Emissions from Residential Boilers for Space Heating and Hot Water”, Consortium of State Oilheat Associations Greenhouse Gas Project, ICF International, February 2009] 

[image: ]
[bookmark: _Toc443634293][bookmark: _Toc404669049]Comparative View of Natural Gas 
Focusing on near term targets for GHG impacts is both an effective strategy and recommended policy as it can have a more dramatic effect in the short term than reductions in carbon dioxide, thus providing more time to develop appropriate carbon dioxide reduction strategies. This renewed focus on 20-year GHG targets stimulated a reassessment of the ICF life-cycle study using the AR4 20-year numbers for methane emissions in the production, transportation, delivery and combustion of heating oil, ultra-low sulfur diesel, bio-blends, natural gas and shale gas. 

Both wellhead production and local distribution company delivery system leakage have been the subjects of numerous studies and reports. It should be noted that the calculations within this report were based on the conservative ICF approach using EPA data. But, there is significant research underway which could increase the impact of CO2e of natural gas. 

A report prepared for United States Senator Edward J. Markey, issued August 1, 2013 titled, “Natural Gas Pipeline Leaks Cost Consumers Billions”, highlighted the fact that “Federal and state regulators explained in interviews for this report that there isn’t a consistent methodology for calculating lost and unaccounted for gas, and data quality problems are common.” This may clearly lead to inaccurate leakage reporting to EPA. 

The issue of natural gas extraction and processing emissions remains a hot topic. Balancing the latest reports, one can only conclude the University of Texas (UT) narrow focused study did not provide compelling evidence on existing fugitive emissions, while the Harvard study continues to raise compelling questions regarding methane emission levels from processing and production. 
The UT and the Environmental Defense Fund study released September 16, 2013 directly measured methane emissions at 190 onshore natural gas production sites throughout the United States, including 27 wells being prepared for continuous production and 489 wells that underwent hydraulic fracturing. The authors found that the emissions measured at wells during completion varied over a large range but were, on average; nearly 50 times lower than previously estimated by the Environmental Protection Agency (EPA). By contrast, measurements of methane emissions from equipment on wells in routine production were comparable to, or higher than, EPA estimates. The authors used the measurements of methane emissions to estimate that the nation’s total annual methane emissions from well completions, pneumatic devices, chemical pumps, and equipment leaks are between 757 and 1,157 gigagrams (Gg), comparable to the EPA estimate of approximately 1,200 Gg. 

In addition, the UT study contains a major internal contradiction. The well sites in the study were selected with substantial input from the oil and gas industry, which volunteered specific sites. The vast majority of the wells studied used leak-control technology that has yet to be adopted at many, if not most, oil and gas wells, while others were wells that produced very little gas and consequently even serious leaks would produce relatively small emissions. Specifically, the authors noted, those wells had the potential to emit only 0.55% as much as an average well. Although the study’s authors acknowledged that their measurements were by no means representative of the average gas well nationwide, they nonetheless chose to use that skewed data to estimate gas leaks nationwide. The methodology that UT chose for making that estimate has drawn criticism in the research community.
Alternatively, and according to a study released November 25, 2013 by Harvard University, methane from fossil fuel extraction and refining activities in the South Central United States are nearly five times higher than previous estimates. The new study takes a top-down approach, measuring what is actually present in the atmosphere and then using meteorological data and statistical analysis to trace it back to regional sources. NOAA and the U.S. Department of Energy collect observations of methane and other gases from the tops of telecommunications towers, typically about as tall as the Empire State Building, and during research flights. The team combined this data with meteorological models of the temperatures, winds, and movement of air masses from the same time period, and then used a statistical method known as geostatistical inverse modeling to determine the methane’s origin. The team also compared these results with regional economic and demographic data, as well as other information that provided clues to the sources — for example, data on human populations, livestock populations, electricity production from power plants, oil and natural gas production, production from oil refineries, rice production, and coal production. In addition, they drew correlations between methane levels and other gases that were observed at the time. 
For example, a high correlation between levels of methane and propane in the south-central region suggests a significant role for fossil fuels there.

[bookmark: _Toc443634294]Climate Change (GHG) Conclusion
Biodiesel blends at 20% (B-20) with ultra-low sulfur heating oil (ULSHO) are lower in Greenhouse Gas Emissions (GHG) than natural gas when evaluated over 100 years, while heating oil is lower in GHG than natural gas when evaluated over twenty years. Any ULSHO and biodiesel blend is equally clean in criteria pollutants and particulates. With future research and applications, increasing the biodiesel blend reduces GHG emissions even further. Biodiesel blends for heating oil are a clean responsible alternative to natural gas heating systems and perform admirably against all other heating systems.


[bookmark: _Toc443634295]Appendix C: Pollutant Emissions  
[bookmark: _Toc347828450][bookmark: _Toc443634296]NOx Emissions
Nitrogen oxides (NOx) include both NO and NO2 and are a pollutant emission from all combustion sources. NOx is a concern nationally, mainly because it combines with hydrocarbons in the atmosphere and, under the influence of sunlight, forms ozone.  With conventional yellow flame systems, the NOx emissions depend upon the firing rate and the combustion chamber. Higher firing rates and increased refractory lining in the combustion chamber (hotter chamber) tend to produce higher flame temperatures and higher NOx. Current U.S. systems range from roughly 75 ppm to 180 ppm. Arguably, 110 ppm is about the average for oil combustion with yellow flame burners.

[bookmark: OLE_LINK3]Low-NOx residential oil burners based on high rates of recirculation of combustion products within the combustion chamber are available today. These burners have higher air velocity, and more of the air is introduced to the flame zone along the burner centerline, flame tubes to control recirculation, and flame tube slots or holes which control the amount and location of the recirculated flue gas. With these burners, achievable NOx emissions range from 40 to 65 ppm.

It is technically feasible to achieve NOx emissions under 10 ppm with a nitrogen free fuel. Routes which have been developed towards achieving this goal include: 1) Increased recirculation rates with current low-NOx burner designs with special provisions for startup; 2) new burner head designs; and 3) oil vaporization followed by combustion in radiant, porous media.
[bookmark: _Toc347828451][bookmark: _Toc443634297]SO2 Emissions
[bookmark: OLE_LINK4]The sulfur in any fuel results in sulfur oxides being released into the atmosphere when it is burned. During combustion in residential heating systems, roughly 98-99% of the sulfur in the fuel is oxidized to form sulfur dioxide (SO2) and emitted from the stack.  BNL testing shows that changing to lower sulfur content fuel (500 ppm) eliminates about 75-80 percent of the sulfur dioxide emissions from residential oil heating systems.  Ultra-Low Sulfur heating oil fuels (15ppm) produce immeasurable amounts of sulfur dioxides in the flue stack similar to natural gas.  
[bookmark: _Toc347828452][bookmark: _Toc443634298]Particulate Emissions
According to testing performed by Brookhaven National Laboratory, with respect to small particle emission for combustion of heating oil, they found a direct correlation between sulfur content and particulate emissions.   Test data displayed in Figure 16 shows small particulate emissions for ULS to be in the immeasurable range below 0.1 mg/MJ, which is essentially the same as natural gas.
[image: ]
[bookmark: _Ref347573277][bookmark: _Toc443634315]Figure 16:  Brookhaven National Laboratory Sulfur Test Results

Brookhaven National Laboratory (BNL) tests show that PM 2.5 emissions for Ultra Low Sulfur heating oil are on the same order of magnitude as natural gas (Figure 17). 

[image: ]
[bookmark: _Ref347747906][bookmark: _Toc443634316]Figure 17:  Comparison of Average PM2.5 for Five Heating Fuel Types for Hydronic Boilers and Warm Air Furnaces	

[image: ]
[bookmark: _Toc443634317]Figure 18 Compilation of Air Pollutant Emission Factors (ULS Basis)

[image: ]
[bookmark: _Toc443634318]Figure 19 Compilation of Air Pollutant Emission Factors – Appliance Performance Adjusted

Comparing natural gas, ULS and Bio/ULS blend on the basis of CO2e, SO2, NOx and PM, and CO emissions, it is a fair conclusion to state that their emissions are relative comparable when examining likely choices for boiler upgrades in Massachusetts with one caveat.  Bio/ULS heating oil blends have the capability to further reduce emissions. (Figures 5 and 7)

In summary, the accurate, traceable and credible comparison shown in Figure 20 and 7 comparable results between natural gas emissions and a 1.6% biodiesel and ULS blend.  These two figures assume IPCC AR4 20 year time horizon, shale gas at the margin and high efficiency non-condensing boiler end-use as the most likely existing residential upgrade.

[image: ]
[bookmark: _Ref356367305][bookmark: _Toc443634319]Figure 20 Comparing Natural Gas GHG Emissions versus #2 heating oil and 1.6% Bio/ULS Blend

[image: ]
[bookmark: _Toc443634320]Figure 21 Comparing Natural Gas Other Emissions with ULS and a 1.6% Bio/ULS Blend
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